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Control of the Power Grid

» Load Following — Frequency Control
— Area-wise
— Slow (secs)
» Voltage Control
— Local
— Slow to fast
» Protection
— Local (but remote tripping possible)
— Fast
» Stability Control
— Loca machine stabilizers

— Remote special protection schemes
— Fast
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Communication for Power System




Monitoring the Power Grid

»Alarms
— Check for overloaded lines
— Check for out-of-limit voltages
— Lossof equipment (lines, generators, feeders)
— Loss of communication channels

» State estimator
» Security alerts

— Contingencies (loading, voltage, dynamic limits)
— Corrective or preventive actions
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Substation Automation

» Many substations have

— Data acquisition systems at faster rates

— Intelligent electronic devices (IED)

— Coordinated protection and control systems
— Remote setting capabilities

» Data can be time-stamped by satellite
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Evolution of Communication
System

*Utilizing existing system
*Building a new one




Communication for Power System
(future)
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WSU Real Time Control Project

» Study feasibility of different levels of area-wide real time
controls for the restructured power system

— Slow controls
» Automatic Generation Control (AGC)
 Voltage control

— Adapting special protective schemes (SPS) or remedial action
schemes (RAS) for stability

— Real time stability control using soft-computing — neural networks,
pattern recognition, etc.

— Redl time stability control (the holy grail)
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Status of Project

» First Y ear results (2001)

— Work on slow controls— AGC
» Framework for decentralized third-party AGC devel oped
 Control feasibility shown with ssimple communication
» AGC using open network communications devel oped
* New AGC using Linear Matrix Inequality proposed

— Work on slow controls — voltage control started
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Second year results (2002)

»New AGC using LMI shown to be more robust
against data delays

» Secondary voltage control shown feasible
— Create voltage control areas using electric distance
— Control generator bus setpoints
— Shown to be feasible by ssimulation of US Northwest
— Method suitable for ancillary market
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Second year results (contd)

» Coordinated voltage control of generators and
switching devices
— SCADA measurements screened for voltage alarms and
circular VAR flows

— Select candidate local control devices by electrical distance
computation

— State estimation based power-flow model used for
computing incremental effects of switching

— Computation restricted to local area around the control
device

» BPA planning to implement method
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Third year results (2003)

» Secondary Voltage Control

— Feasibility of ancillary voltage control market shown feasible for
local voltage control area

» Fast Real-Time Wide-Area Controls

— Practical platform designed for BPA for stability and voltage
control

— Stabilizing scheme by controlling UPFCs shown effective for
unstable Italian grid case

— Fast calculation of generation/load shedding for damping
unstable oscillatory modes
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Third year results (contd.)

» Fast identification of topology errors using a double
pass DC state estimator

» Fast estimation of generator dynamic state from
terminal measurements

» Coordination of path transfers to stay within limits by
fast OPF formulations — tested on Calif-OR Intertie
(COl)
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Work I nitiated in 2003

» Reviewed presently avallable * hard-wired’ RAS controls

» Modeling and simulation of communication networks
employing a publisher-subscriber architecture started

» Completed study of specific RAS controls on the WSCC,

Including communication models, that ook at time
available and required generation drop

» Studying flexible RAS controls, detailing failure
scenarios and communication network requirements

» Developing flexible RAS approach that determines the
amount of load and generation shedding based on the
disturbance
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Some Research | ssues

» Theoretical basis for control issues that incorporate
communication and computation

» Simulation tools that incorporate control,
communication and computation

»What 1s areasonable framework of the communication
system for the power grid

»What controllers (FACTS) will be readily available to
consider in such wide-area control

»\We should be ready with practical control schemesin
anticipation of the technology
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